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The basic physics of an electron cyclotron
resonance (ECR) ion source involves coupling
microwave energy to plasma electrons confined
by a magnetic bottle which then produce singly
or multiply charged ions by electron impact
ionization. The neutrals and ions are mainly
stepwise ionized by electron impact ionization
and the ionization process provides the primary
electrons to compensate the escaped electrons to
maintain a dynamic equilibrium plasma in
which the plasma loss is electrically neutral.
Early experiments on ECR sources demonstrated
that adding extra electrons to the ECR plasma
with a microwave-driven first stage or by using
electrons emitted from the plasma chamber
walls coated with materials of high secondary
electron emission can substantially enhance the
production of high charge state ions. Since the
AECR source was built, we have explored
various techniques to provide more electrons for
the plasma. The early methods used, such as
coating the plasma chamber walls with SiO2 or
Al2O 3 and using an electron gun to axially
injecting electrons to the plasma, substantially
enhanced the performance of the AECR
source.1,2,3

Enhanced production of high charge state ions
due to the aluminum oxide wall coating has been
demonstrated in various ECR sources.
Empirically speaking, a good chamber surface
should have high secondary electron emission,
long lifetime in against plasma etching and low
material sticking coefficients to minimize the
surface memory. Aluminum oxide not only has
high secondary emission but it is also very
resistant to plasma etching. The previous
aluminum oxide coating, done by running an
aluminum plasma, did not entirely cover all the
chamber copper surfaces in the AECR source and
only had about one month lifetime. In this test, a
0.38 mm thick aluminum liner was installed in

the copper plasma chamber. The tests with this
aluminum liner and two-frequency heating
produced an increase of up to 60% in beam
intensity of the high charge state ions was
achieved. Shown in Table I are the measured
beam intensities for a few example elements.
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Table I.  Ion beams produced from the AECR
source with an aluminum chamber liner

********************************************
Q I (eµA) Q I (eµA)

16O6+ 510 197Au24+ 41.7
16O7+ 210 197Au26+ 34
40Ar11+ 238 197Au29+ 20
40Ar12+ 158 197Au30+ 14.3
40Ar13+ 84 197Au31+ 10
40Ar14+ 47.5 197Au32+ 6.6
40Ar16+ 4.7 197Au34+ 3.5
209Bi28+ 33 197Au35+ 2.4
209Bi31+ 26 197Au36+ 1.3
209Bi34+ 14 197Au38+ 0.4
209Bi36+ 6.6

********************************************
All ion beams are extracted at 10 or 15 kV

extraction voltage and through an 8 mm
aperture.




